This prospective, randomized, double-blinded study evaluated the effect of the timing of ondansetron administration on its antiemetic efficacy in children undergoing elective strabismus surgery. One hundred and twenty children aged one to 15 years, ASA physical status 1 or 2, were randomly allocated to receive intravenous ondansetron 100 µg/kg either at induction (Group 1) or at the end of the surgery (Group 2). All patients had general anaesthesia induced and maintained with nitrous oxide and halothane, muscle relaxation with vecuronium, endotracheal intubation, reversal with neostigmine and glycopyrrolate, and pethidine 0.5 mg/kg analgesia. Episodes of nausea and vomiting were evaluated at 0 to 2, 2 to 6 and 6 to 24 hour intervals by a blinded observer. Demographic data, duration of anaesthesia, type of surgery, incidence of previous postoperative nausea or vomiting and motion sickness and number of patients who developed oculocardiac reflex requiring atropine treatment were similar in both groups. The incidence of emesis in the first 24 hours following surgery was similar in both groups (35% Group 1, 33.3% Group 2, P=1.00). Severity of emesis (median number of emetic episodes, rescue antiemetic requirement and mean time to the onset of first episode of emesis) and mean time to discharge from the post anaesthesia care unit were also similar in the two groups. We conclude that the timing of ondansetron administration either before or after the surgical manipulation of extraocular muscles had similar antiemetic efficacy following strabismus surgery in children.
Postoperative nausea and vomiting (PONV) is a common and unpleasant complication following strabismus surgery. Several studies have shown the efficacy of ondansetron, a 5HT 3 antagonist, in preventing PONV following strabismus surgery in children [1] [2] [3] . Most of the studies evaluated the efficacy of ondansetron administered at induction of anaesthesia in this patient population 4, 5 . The administration of ondansetron at induction is based on the hypothesis that pre-emptive blockade of 5HT 3 receptors, prior to the arrival of emetic stimuli associated with eyeball manipulation 6 , will be more effective than later administration. Recent studies demonstrated that ondansetron was more effective when administered at the end of surgery in patients undergoing gynaecological and otolaryngological procedures, probably due to a longer postoperative duration of action if given at the end of surgery 7, 8 . There has been no previous study on the effect of timing of ondansetron administration on PONV following paediatric strabismus surgery. This prospective, randomized, double-blind study was designed to evaluate the optimal timing of administration of ondansetron for the prevention of PONV following strabismus surgery in children.
MATERIALS AND METHODS
After institutional approval and parental informed consent was obtained, 120 children, ASA physical status 1 and 2, aged one to 15 years and scheduled for elective strabismus surgery were enrolled in the study. Children with a history of motion sickness or previous PONV were not excluded. All the children were fasted from midnight for solids (8 to 10 hours) and clear liquids were allowed up to three hours before surgery. No premedication was used. Patients were allocated to one of the two groups using a random number table. All children received two separate intravenous (IV) injections, the first one at induction immediately after the placement of the intravenous cannulae, and the second at the end of the surgery. Children in Group 1 received ondansetron 100 µg/kg at induction and normal saline at the end of the procedure. Children in Group 2 received saline at the start and ondansetron 100 µg/kg at the end of surgery. All the study drugs were prepared in 5 ml syringes of solution in identical 5 ml syringes, with the solution made up to 5 ml, to blind the investigators and observers to the timing of the ondansetron.
Anaesthesia was induced with halothane and 66% nitrous oxide in oxygen administered with a facemask. Vecuronium 100 µg/kg IV was given and the trachea intubated. Analgesia was with pethidine 0.5 mg/kg. Anaesthesia was maintained with 0.5% halothane and 66% nitrous oxide in oxygen. No anticholinergic prophylaxis was given for the prevention of oculocardiac reflex. Oculocardiac reflex, if persistent (more than 30 seconds) and severe (heart rate less than 50/minute) was treated with atropine 7 µg/kg IV (with a minimum dose 0.1 mg). Lactated Ringer's solution was administered to provide the calculated fluid deficit and maintenance requirements. The stomach was aspirated after induction and immediately before the extubation. Residual neuromuscular block was antagonized with neostigmine 50 µg/kg and glycopyrrolate 10 µg/kg. After adequate reversal of neuromuscular blockade, all the children were extubated and transferred to the PACU. Recovery from anaesthesia was assessed by Aldrete's recovery score based on adequacy of airway, blood pressure, heart rate, level of consciousness and movement (scale 0 to 10) 9 . Once the children achieved an Aldrete recovery score of 10, they were discharged from PACU to the ward. Children were kept in the ward for the first 24 postoperative hours, as is our usual practice. They were evaluated for the occurrence and frequency of emetic episodes by a blinded observer, a member of nursing staff, who was aware of the nature of the study. Nausea was defined as a subjectively unpleasant sensation associated with awareness of the urge to vomit. Vomiting was defined as the forceful expulsion of gastric contents from the mouth. An emetic episode was an episode of nausea or vomiting or any combination of these events occurring in rapid sequences (less than one minute between events). If episodes of nausea, vomiting or any combination of the two were separated by more than one minute, they were considered as separate episodes. We recorded all emetic episodes in the first 24 hours of the postoperative period in the hospital at the intervals of 0 to 2 h, 2 to 6 h and 6 to 24 h. Time to the first episode of emesis was noted in both groups. Children who had two or more emetic episodes were treated with metoclopramide 250 µg/kg IV as a rescue antiemetic.
Postoperative analgesia was provided with nonsteroidal anti-inflammatory drugs, when older children complained of pain or younger children were assessed as crying due to pain (when the cry was not pacified by feeding, presence of a caretaker 10 or if it was associated with thrashing and rubbing of eyes). Ibuprofen syrup 10 mg/kg was given as the postoperative analgesic and intramuscular diclofenac sodium 0.5 mg/kg was administered if a child had pain within two hours of the operation or vomiting restricted oral intake.
Age, weight, duration of surgery, the number of muscles operated and the PACU discharge time were analysed by Student's t-test. The number of children who had oculocardiac reflex and required atropine treatment, incidence of emesis at various epochs and rescue antiemetic requirement were evaluated by Yates' corrected chi-square test or Fisher's exact test as appropriate. Time to failed prophylactic intervention (mean time to the onset of emesis) was compared between the two groups using Mann-Whitney U test. P-values less than 0.05 were considered statistically significant.
RESULTS
Demographic data such as age, sex and weight were comparable in both the groups (Table 1) , as was the number of muscles operated and duration of anaesthesia (Table 1 ). Nine patients in Group 1 and seven patients in Group 2 received atropine treatment for oculocardiac reflex intraoperatively (P=1.00) ( Table  1) . Mean time taken to reach Aldrete score of 10 was comparable in both the groups (41.9 minutes in Group 1 and 42.6 minutes in Group 2, P=0.61).
Overall 24 hour incidence of emesis was 35% (21/60) in Group 1 and 33.3% (20/60) in Group 2 (P=1.00) ( Table 2 ). The incidence of emesis at 0 to 2, 2 to 6 and 6 to 24 h time intervals was similar in both the groups ( Table 2 ). The requirements for rescue antiemetic were similar in the two groups (P=0.7144) ( Table 2) as was the mean time to the onset of emesis (time to failed prophylactic intervention) (P=0.6481) ( Table 2) .
DISCUSSION
Ondansetron, a 5HT 3 antagonist, has been shown to be highly effective in the prevention of PONV after paediatric strabismus surgery. The incidence of PONV reported after ondansetron prophylaxis varied from 6% to 20% 1-4 . Incidence of emesis in our study was 35% in Group 1 and 33.3% in Group 2. This higher incidence may be due to the higher basal incidence of poststrabismus repair nausea and vomiting in our institute (70 to 80%) 5 perhaps relating to opioid analgesia. The higher incidence of PONV may also have been contributed to by the 24 hour inpatient care of our patients, thus better capturing events which would rely on parent report in centres performing this surgery on a day stay basis 6 .
Our results demonstrate that ondansetron had similar effects in preventing PONV and reducing requirements for rescue antiemetic whether given at induction of anaesthesia or at the end of the strabismus surgery in children. Our results suggest that blockade of receptors by pre-emptive administration of ondansetron did not improve its effectiveness.
Considering the short half-life of ondansetron (2.8 ±0.6 hours 11 ), two recent studies examined the effect of timing of its administration on its antiemetic efficacy. In women undergoing outpatient laparoscopy, ondansetron administered at the end of surgery was more effective in preventing PONV and facilitated early and late recovery 7 . The outcome measures used were reduced incidence of PONV, decreased rescue antiemetic requirement and increased time from the end of the surgery till 25% of patients developed PONV 7 . In outpatients undergoing otorhinolaryngologic surgery, although there was no effect of timing demonstrated on the incidence of nausea or emesis, the need for rescue antiemetics was significantly reduced when ondansetron was administered at the end of the operation 8 . The difference between our results and these studies 7, 8 may be due to the difference in the nature of the surgery, the age group of the study population and shorter surgical duration in our study.
Strabismus surgery is associated with a very high incidence (>40%) of both early and late vomiting 2, 12, 13 . Factors responsible for this high incidence of PONV following strabismus surgery are postoperative distortion of vision 6 , residual strain on the intraocular muscles 13 , the possible existence of an oculoemetic reflex 6, 13 , postoperative pain 14 and the use of opioid analgesics 15 . Eyeball manipulation stimulates a centrally mediated trigeminovagal reflex in which various neurotransmitters are released in the chemoreceptor trigger zone. Blockade of receptors of these neurotransmitters forms the basis of antiemetic therapy 6 .
In a number of the studies of PONV after strabismus surgery, antiemetics were administered prior to the manipulation of the eyeball based on the hypothesis that pre-emptive blockade of the oculoemetic reflex would increase their effectiveness. Lerman et al 16 and Kraus et al 17 suggested that droperidol administered at induction reduced the incidence of PONV to a clinically acceptable level after strabismus surgery. However, Klockgether-Radke et al did not find any influence of timing of droperidol on its antiemetic efficacy 18 . Adults undergoing strabismus surgery with prophylactic atropine had a low risk of oculocardiac reflex and PONV, independent of the anaesthetic technique used 19 . This report provides positive evidence of a reflex mechanism for PONV after strabismus surgery. However, Klockgether-Radke et al 18 Incidence of emesis at time intervals is expressed as n (%). Emetic episodes have been presented as median (range). The time for the first emetic episode is presented as mean (SD). The data on incidence and severity of PONV were comparable in both the groups (P>0.05).
against the occurrence of oculocardiac reflex, does not reduce the incidence of emetic symptoms. We used atropine only when bradycardia was persistent and severe, as sustained and repeated stimuli cause the oculocardiac reflex to fatigue 21 . Opioid administration is associated with a high incidence of PONV in paediatric strabismus surgery 15, 22 . Fentanyl compared to ketorolac or placebo was associated with a significantly greater incidence of PONV after strabismus surgery 15 . Ketorolac has been shown to be an effective analgesic for strabismus surgery and was associated with less postoperative emesis than morphine 22 . In our hospital, we administer a lower dose of IV pethidine (0.5 mg/kg) as an intraoperative analgesic and oral ibuprofen or IM diclofenac as postoperative analgesics. The use of ketorolac or acetaminophen for intraoperative pain instead of pethidine might have further reduced the incidence of PONV in this trial.
We conclude that the overall antiemetic efficacy of ondansetron was not affected by the timing of its administration in paediatric patients undergoing strabismus surgery.
